Objectives: Outbreaks of known and novel pathogens causing very severe illness increase the risk to public health in a globalised community and alarm the public. Intensive care units (ICUs) may be an underused setting for public health surveillance. This study investigates the electronic Record for Intensive Care (eRIC), an electronic clinical information and management system being developed for New South Wales ICUs, and its surveillance opportunity offerings.
Introduction
Over the past two decades, public concern has grown about global public health risks and health emergencies related to communicable diseases, natural disasters, and intentional or accidental release of biological and chemical material. Of the numerous causes of acute communicable disease, a priority is placed on pathogens with pandemic potential and those causing sudden severe illness. Novel respiratory viruses such as H1N1 influenza virus, Middle East respiratory syndrome coronavirus (MERS-CoV) and avian influenza A (H7N9) virus [1] [2] [3] have caused high morbidity and mortality, and economic strain, worldwide. Public health surveillance, "the ongoing systematic collection, analysis, and interpretation of health data that are essential to the planning, implementation, and evaluation of public health practice" 4 , is integral to identifying and controlling these risks. The International Health Regulations (IHR-2005) emphasise "the timely dissemination of public health information for assessment and public health response".
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Intensive care units (ICUs) may be an underused setting for public health surveillance of pathogens causing severe illness. The 2009 H1N1 influenza pandemic highlighted the impact that a novel respiratory virus can have on naive populations, when approximately 22% of hospital admissions for influenza in Australia led to an ICU admission. 3 Subsequent assessment of surveillance systems employed in the state of New South Wales (NSW), Australia, during this time pointed to a need for more timely ICU surveillance, with minimal impact on clinicians facing a surge in workload. 3, 6 NSW developed two internet-accessible form-based databases for ICU surveillance during the 2009 H1N1 influenza pandemic. 7 In 2007, NSW also implemented the Critical Care Resource management System (CCRS) for real-time management of demand and patient interhospital transfers. The CCRS provided limited patient surveillance capability.
NSW is implementing a state-wide standardised electronic health care record and patient management system in ICUs called the electronic Record for Intensive Care (eRIC). In coming years, it is intended that the eRIC will be rolled out to the majority of NSW adult, paediatric and neonatal ICUs. This development offers a unique opportunity to establish continuous, mainstream, rapid ICU surveillance in NSW.
Overview of the NSW electronic Record for Intensive Care system
System architecture
The eRIC information system will be a single point of collated patient data, receiving direct input from bedside medical devices (e.g. haemodynamic monitors, ventilators, infusion devices) and clinical systems (e.g. laboratory, radiology, electronic medical record), and will process this information to assist with clinical decision making. 8 The eRIC will be integrated with software used for the collection of information required by the Australian and New Zealand Intensive Care Society (ANZICS) Adult Patient Database (APD), and the Australian and New Zealand Paediatric Intensive Care (ANZPIC) Registry.
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This information, organised and classified for research purposes, may provide rich surveillance information.
Clinical information will be recorded primarily in a structured format (selecting from options) and as free text. Systematised Nomenclature of Medicine -Clinical Terms (SNOMED CT), a medical encoding ontology 10 , will be used for recording structured information that information systems can interpret and process. It is expected that a SNOMED CT-coded admission diagnosis will be available in the eRIC early in the ICU admission. The eRIC will implement the Acute Physiology and Chronic Health Evaluation (APACHE) II and III diagnosis classification system, a comprehensive list of postoperative and nonoperative conditions 11 , which is used by ANZICS.
Patient demographics
The eRIC will interface with the wider hospital patient administration system, from which it will extract demographic information such as age, gender and residential locality of the patient.
Clinical parameters
Bedside devices will automatically record vital signs and other physiological parameters on patients' individual clinical observation flowcharts integrated in the eRIC. Clinicians will verify information and add other therapeutic details. Specific cells on the observation chart will be populated as therapies commence.
Structured clinical protocols will be built into the eRIC and used interactively by clinicians, and the resulting information will be integrated into the patient's eRIC record. Operational reports such as lists of patients on specific therapies will be compiled.
Risk factors
APACHE II and III diagnosis and subdiagnosis codes, and APACHE chronic health evaluation scores based on pre-existing conditions
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, available as SNOMED CT coding, will provide structured risk-factor information.
This study evaluated the potential public health surveillance benefits of the eRIC. Forward planning can be valuable to ensure that fields are defined and built before implementation. Based on consultation, a draft data and information model of the system was developed, and evaluated according to standard guidelines. 12 
Methods
From May to October 2013, the eRIC was evaluated for its potential use in public health surveillance. Drafting a design for the system A set of objectives for a public health surveillance system was produced, informed by the consultation process. A model for the surveillance system was proposed, based on objectives and available eRIC information.
Evaluation of the proposed surveillance model
The proposed eRIC-based model was evaluated for its potential capacity as a data source for public health surveillance. It was assessed against the attributes of a good public health surveillance system, as described by the US Department of Health and Human Services, Centers for Disease Control and Prevention. 12 
Results

Consultation with potential users
In the first consultation round, approximately 25 people were involved in face-to-face discussions through the two network meetings. Multiple public health unit (PHU) representatives from all 15 NSW Local Health Districts (LHDs) were reached via the NSW Infectious Diseases Network teleconference. A further five key health protection stakeholders -the Director of Health Protection NSW, two medical epidemiologists, a manager of surveillance and a senior surveillance officer -were involved in a focused discussion with study investigators in the second round of consultation. The interviewees discussed current and emerging pathogens and conditions that may be of surveillance value, and treatment monitoring that indicates disease severity.
The participants indicated that their primary interests were to detect rare or new pathogens that have pandemic potential or cause severe disease (particularly severe respiratory disease), and the need to be prepared and to easily access ICU information during a pandemic. , as they can cause outbreaks of severe illness. There was interest in enhancing surveillance efforts for poliomyelitis 18 , and in monitoring influenza patterns and burden by reporting on positive influenza results and antiviral pharmacological information linked to ICU patients. Although it was recognised that there were processes for notification of diseases reportable under the Public Health Act 2010 (NSW) 19 , positive notifiable laboratory results linked to ICU patients would be valuable in monitoring for the emergence of more virulent strains and rarer syndromes, for which recognition and normal passive notification may be delayed.
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Stakeholders commonly stated that adding userentered surveillance-specific fields to standard ICU clinical data collection would result in poor entry compliance by staff, because the data would not be immediately clinically relevant. Reporting and feedback of surveillance data to ICUs and LHDs was identified as an important attribute of surveillance.
Draft design of the system
Based on the consultation, the objectives of the surveillance system will be to:
• Provide situational awareness during an outbreak or pandemic of a pathogen or other health risk that causes severe illness
• Provide early warning of increases in disease activity caused by novel or rarer pathogens that cause severe illness
• Detect probable cases, and associated demographics and comorbidities during an outbreak or pandemic of a known pathogen that causes severe illness
• Provide data during the influenza season that are indicative of disease severity and burden.
Syndromic surveillance, which monitors syndromes rather than specific diagnosis and signals clustering in time or geography 21 , is the suggested approach to achieve these objectives.
The proposed data and information model of the eRICbased surveillance system is outlined in Table 1 . The eRIC will be used interactively in real time by clinicians and, thus, it should be feasible for the surveillance system to provide reports in near real time. The NSW Ministry of Health currently performs real-time data capture and near real-time analysis of surveillance information using hospital emergency department (ED) data. 22 Figure 1 depicts a draft information flow for the system.
Primary admission diagnosis-based syndromes
As demonstrated in ED surveillance in NSW 22 , syndromes can be formed based on primary diagnoses from clinical information systems. Five syndrome groupings are proposed: 'severe acute respiratory disease', 'severe acute neurological disease', 'sepsis', 'acute renal failure' and 'hepatitis'. Each will include groups of SNOMED CT diagnosis codes, which represent ailments of the same affected organ, but with myriad causes.
Clinical pathway, intervention or risk factor-based syndromes
Syndromes can be further defined by capturing clinical pathways (a predictable clinical course that the patient is taking), clinical interventions and risk factors (see Table 1 ). Examples include acute respiratory distress syndrome (ARDS), acute renal failure, continuous renal replacement therapy (CRRT) and extracorporeal membrane oxygenation (ECMO).
Data items needed
Diagnosis syndromes would be captured directly from the diagnosis coding collected at ICU admission. A future eRIC development could capture diagnosis updates from standardised ward-round templates. Significant clinical syndromes and commencement of significant clinical treatments could be captured from a single data point within individual observation charts or within protocols such as ARDSNet (a protocol for managing ventilation in patients with ARDS). Reports that are compiled by the eRIC would offer direct counts of patients experiencing interventions of interest. Risk-factor information should be captured from the patient's admission summary component of the eRIC record, and be available by enquiry when clustering requires further investigation.
Evaluation of the proposed surveillance system
Usefulness A surveillance system that is established and automatic will give insight into the background incidence of monitored syndromes in specific hospital ICU populations. This will assist characterisation of an outbreak or pandemic by person, time and place at the beginning of the event when more targeted surveillance 
Simplicity
Automated capture of routinely collected electronic data from the eRIC minimises personnel involvement. Keeping the data and its collection points minimal, uncomplicated and easily interpreted will allow the software and surveillance system to easily interpret the information. The eRIC will be integrated with multiple hospital information systems, all of which are subject to failures. Therefore, the following will also be needed:
• A high degree of technical skill and complex infrastructure, to create the mechanisms for capturing data from the eRIC and feeding them to the public health surveillance system
• Protocols that can identify site-specific and wholesystem data-feed inconsistencies, and systems for managing these problems
• On-call support for a surveillance system that operates 7 days a week.
Uncertainty attached to interpreting syndromic surveillance data signals 24 will require staff training to avoid unnecessary reporting and follow-up.
Flexibility
Reporting diagnoses by syndrome will allow detection of unusual illness patterns from a broad range of causes and clinical presentations. Increases in new illnesses can be captured without making changes to system configuration, and using configurable reference tables to define syndromes would allow changes and additions to syndromes without system reprogramming.
Data quality
Data will be more complete by using data fields from source information systems that are consistently and completely used by hospital staff, because they facilitate workflow and patient management. Admitting diagnoses should be consistently reported. Data validity would be improved by grouping related diagnoses by syndromes rather than a specific diagnosis, which could be influenced by the admitting physician's preference for diagnosis description.
Data-feed mechanisms can be designed to ensure that any data not saved during temporary data outages are autofilled on resumption of feeds or source systems. This can be done through synchronous data communication protocols or redundancy in the data periods included in batch extracts. Data governance and a data dictionary are important elements to ensure that data quality is maintained. 
Acceptability
Automation involves personnel only when a signal triggered by the surveillance system requires follow-up. Two-way communication is recognised as an important function of surveillance systems. 25 Clinicians should understand that, if they provide their time, the outcomes and benefits can link back to improvements for their patients and the community. 5 An efficient and effective feedback mechanism through LHD PHUs will be essential to establishing a strong relationship.
Sensitivity
Sensitivity can be considered in terms of the proportion of cases of a specific disease that are detectable by the surveillance system or the ability of surveillance to detect outbreaks. 12 Broad-diagnosis syndromes are more inclusive of all cases relating to a single pathogen, because they account for variation in clinical manifestations and subjective differences in clinician diagnosis. This is important when the causative pathogen may not be known or anticipated, particularly for emerging infections. The improved outbreak detection will be restricted to outbreaks that can cause severe illness and ICU admission. This information would complement other established NSW ED and laboratory surveillance systems.
Using syndromic surveillance means that, as the magnitude of a signal increases, sensitivity increases and time to detection decreases relative to the baseline incidence 26 , meaning that smaller outbreaks could be missed. Initial disease increases in small regional populations could be missed when residents are transferred to out-of-area ICUs and numbers are absorbed into those counts. Increased sensitivity increases occurrence of false alarms. 27 Surveillance team experience around usual and anticipated geographic, temporal and demographic patterns of disease will enhance interpretation of the surveillance information.
Specificity
Broad-diagnosis groupings will have low specificity for individual pathogens 26 ; this is a trade-off for a high sensitivity that allows identification of pathogens that may not otherwise be recognised because of negative pathology test results, or inappropriate or no testing. It is important to use high-quality clinical information for clinical activities, which should ensure that the information recorded in the eRIC will lead to consistent identification of syndromes. This should reliably indicate where further follow-up is warranted, and clinicians can be prompted to undertake further investigations, such as microbiological testing, to search for novel pathogens. Including negative and positive pathology results in surveillance information should facilitate interpretation of surveillance signals. ICU clinical pathways should assist with identification of potential cases of an emerging pathogen. ARDS, often requiring ECMO, has been a feature of many recently emerging novel pathogens.
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Representativeness
The public health intensive care surveillance system proposes to capture and inform public health about patterns of severe illness occurring in NSW. The eRIC will be implemented state-wide, with comprehensive rural and urban coverage, and will represent all age groups within NSW by including adult, paediatric and neonatal intensive care beds.
Timeliness
Timeliness should be high because of the anticipated near real-time data capture and analysis envisaged for the surveillance system.
Stability
Stability of the surveillance system would be dependent on the success of the eRIC and how it operates in the clinical setting -that is, how sustainable the information system is in practice, and its importance from a health system data warehousing and performance monitoring perspective. The eRIC will be hosted centrally and deployed virtually across NSW, with full disaster recovery and redundancy to minimise unscheduled downtime, and high-system availability planned for 99.9% of the time.
The need for design and implementation of the surveillance system to meet prespecified stability criteria before acceptance as a production facility will influence the stability of the systems for capture, analysis and reporting of surveillance data. Development of relationships with eRIC maintenance personnel, technical experts in troubleshooting data-capture problems and the eRIC 'business as usual' team will contribute stability.
Discussion
Stakeholders have identified that ICU surveillance data are an essential element of preparedness for severe disease outbreaks and pandemics. The data contribute important information about disease burden, illness severity and epidemiological characteristics. Improvement in ICU surveillance capacity in NSW is required. 3, 6, 7 As an integral tool of care in NSW ICUs, the eRIC will offer a large amount of diverse information about ICU patients that can be harnessed for public health surveillance.
The literature describes electronic reporting systems established primarily for retrospective audit, performance analysis and research purposes, such as the ANZICS Centre for Outcome and Resource Evaluation (CORE) 9 registries. These systems are also used to assist with patient management for surveillance of nosocomial infections 29 , rather than being set up for routine public health surveillance. Although the ICU databases used in NSW during the 2009 H1N1 influenza pandemic 7 are purpose built for public health surveillance, they are influenza specific and not timely because of the lack of automation. ANZICS CORE surveillance shares public health surveillance system objectives, such as support of "influenza pandemic planning, biosecurity and terrorism planning"
9
, but it requires only quarterly reporting by member ICUs across state, federal and international jurisdictions. The near real-time NSW public health surveillance system will offer a more streamlined capture of NSW-specific information, which will be reported in a manner that will be meaningful for early interpretation.
Assessment against standard guidelines supports the use of a syndromic surveillance approach to best achieve public health objectives. Syndromic surveillance has been increasingly used successfully in emergency management and preparedness over the past decade in non-ICU situations in Australia and internationally. 22 The described surveillance approach could indicate concern through the following scenarios:
• A single patient diagnosed with an acute respiratory event, commenced on therapies such as ARDSNet or ECMO, with an untypeable influenza A result, indicating infection with a novel strain
• A daily ECMO report that reveals that the number of patients on ECMO is above expected numbers
• A patient with acute renal failure requiring CRRT with microangiopathic anaemia.
Continuous ICU surveillance may benefit other surveillance efforts. Sepsis is frequently seen in ICUs, with a large proportion of sepsis cases caused by respiratory infections acquired in a nonhospital setting. 30 This surveillance system could contribute to understanding infection patterns already occurring in the NSW population.
A considerable period of time will be required to establish baseline trends in ICU-based surveillance syndromes, creating a challenge in identifying and interpreting unusual trends that could signify an outbreak. This should be mitigated through cautious interpretation and experience over time. Case definitions for syndrome groups will need to be re-evaluated at regular intervals to ensure their ongoing relevance and value. Once the system is implemented, it will be important to repeatedly evaluate it.
Conclusion
A mainstream, continuous, rapid ICU-based public health surveillance facility that will readily adapt to emergency situations will provide a valuable resource for protecting population health. This study identifies the key requirements and risks that need to be considered when establishing the system, and provides a firm basis on which to proceed when the eRIC is realised.
